The influence of 1′ ′ ′ ′-acetoxychavicol acetate (ACA) during the initiation stage was investigated in the N-nitrosobis(2-oxopropyl)amine (BOP)-initiated hamster tumorigenesis model. Ninety male 5-week-old hamsters were divided into three groups, each consisting of 30 animals, and s.c. injected with 20 mg/kg of BOP twice with a one-week interval. Groups 1 through 3 were fed diet supplemented with ACA at concentrations of 500, 100 and 0 ppm, respectively, for 3 weeks starting one week before the first carcinogen application. At the termination of experimental week 54, the total incidence and multiplicity of cholangiocellular adenomas and carcinomas in group 1 (17.9% and 0.3 ± ± ± ±0.9) were significantly (P < < < <0.05 and P < < < <0.01) decreased as compared to the group 3 values (50.0% and 0.7 ± ± ± ±0.8). The ACA treatments also showed a tendency to reduce the development of preneoplastic lesions in the pancreas, a main target organ of BOP, although this was not statistically significant. Our results thus indicate that ACA exerts an inhibitory effect on BOP-induced cholangiocarcinogenesis in hamsters. Taken together with previous findings of inhibited colon, oral and skin carcinogenesis in rats and mice, they suggest that ACA is a candidate chemopreventive agent with a wide spectrum of activity.
1′-Acetoxychavicol acetate (ACA), extracted from rhizomes of Languas galanga (Zingiberaceae), is used as a ginger substitute and as a stomach medicine in Thailand and other countries of south-east Asia. 1) ACA has been extensively investigated for chemopreventive action in rodent carcinogenesis models. [2] [3] [4] [5] [6] It was shown to inhibit 12-O-tetradecanoylphorbol-13-acetate promotion of skin carcinogenesis in female ICR mice initiated with 7,12-dimethylbenz[a]anthracene, 2) 4-nitroquinoline-1-oxide (4-NQO)-induced oral tumor development 3) and azoxymethane (AOM)-induced colon carcinogenesis during both initiation and post-initiation phases, 4, 5) as well as choline-deficient, L-amino acid-defined diet-associated induction of glutathione S-transferase-positive liver lesions in male F344 rats. 6) In addition, ACA was demonstrated to inhibit xanthine oxidase, which generates superoxide anions known to be associated with tumor promotion, 7) and also to inhibit tumor promoter-induced Epstein-Barr virus activation in vitro. 8) These effects could contribute to chemopreventive activity. (2-oxopropyl) amine (BOP) is well known to induce lung, pancreatic, liver and kidney tumors in hamsters. 9, 10) It is considered to be particularly advantageous for assessing the modified effects of chemicals on pancreatic and lung carcinogenicity because of the histological and biological similarities of the induced lesions to those observed in man. 11) In the present study, the effects of ACA in the initiation phase were investigated in a BOP carcinogenesis model in hamsters.
N-Nitrosobis

MATERIALS AND METHODS
Animals and chemicals A total of 90 male Syrian hamsters (Japan SLC Inc., Shizuoka), 5 weeks old and weighing approximately 80 g at the commencement, were used in this experiment. The animals were housed, five per polycarbonate cage and maintained under standard laboratory conditions: room temperature, 23±2°C; relative humidity, 60±5%; a 12h/12h light/dark cycle. The Oriental MF (Oriental Yeast Co., Ltd., Tokyo) basal diet was available ad libitum. BOP was obtained from Nakalai Tesque (Kyoto) and ACA (>95% purity) was synthesized according to the method described previously.
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Experimental procedure Hamsters were divided into three groups, each consisting of 30 males. Animals in groups 1 through 3 were s.c. injected with 20 mg/kg of BOP twice with a one-week interval. They were fed diet supplemented with ACA at concentrations of 500, 100 and 0 ppm, respectively, for 3 weeks starting one week before the initial carcinogen treatment. They were observed daily and weighed weekly during the administration period, and monthly thereafter. At the end of week 54, all surviving animals were killed under ether anesthesia. Moribund animals or those that died during the study were also completely autopsied for histological examination. At autopsy, the main target organs for BOP-induced tumorigenicity, including the pancreas, lung, liver and kidney were carefully examined macroscopically, and then fixed in 10% phosphate-buffered formalin. Four anatomical parts of the pancreas (gastric, splenic and duodenal lobes and head portion) from each animal were sectioned for investigating the multiplicity of dysplasias, as routinely performed in our laboratory. 13) These organs were processed for histological observation by conventional methods, and stained with hematoxylin and eosin (H-E). All proliferative lesions were diagnosed histopathologically and counted in representative sections. Statistical analysis The tumor incidences were analyzed by the use of Fisher's exact probability test. Variance of data for lesion multiplicities, body weights and organ weights was checked for homogeneity by Bartlett's procedure. If the variance was homogeneous, the data were assessed by one-way analysis of variance (ANOVA). If not, the Kruskal-Wallis test was used. When statistically significant differences were indicated, the unpaired Student's t test or the Mann-Whitney U test was used for comparison of the appropriate pairs of groups. The survival rates were analyzed by the Kaplan-Meier method and evaluated with the log rank test.
RESULTS
Several animals in each group died before the termination at week 54, but there were no significant differences in survival rate among the groups. Except for a few hamsters which were found dead in the early experimental stages, moribund or dead animals were included in the effective numbers. The final body and relative organ weights of hamsters surviving until the termination are summarized in Table I . Final body weights in group 1 were slightly (9.3%) decreased as compared to the group 3 values; this was statistically significant (P<0.01). Relative weights of the lungs, liver and kidneys did not significantly vary.
Histopathologically, liver tumors were diagnosed as hepatocellular and cholangiocellular adenomas and carcinomas. As shown in Table II , the total incidence of cholangiocellular adenomas and carcinomas in group 1 (17.9%) was significantly (P<0.05) decreased as compared to the group 3 value (50.0%). Similarly, the total multiplicity was significantly (P<0.01) decreased (0.3±0.9 as compared to 0.7±0.8). The incidences and multiplicities of hepatocellular adenomas and carcinomas did not significantly differ among the groups.
Cancerous and precancerous ductal lesions observed in the exocrine pancreas were histologically classified as adenocarcinomas and dysplasias as reported previously. 13) Incidence and multiplicity data are summarized in Table  III . Although no significant variation was noted, ACA showed a tendency for inhibition of dysplastic lesions. In tumor-bearing animals, the pattern of lesion distribution was comparable among the three BOP-treated groups (data not shown).
Lung tumors were histologically classified into adenomas and adenocarcinomas. The incidences of pulmonary adenomas were 88.5, 77.8 and 87.1%, and those of adenocarcinomas were 7.7, 18.5 and 12.9% in groups 1-3. Therefore, there were no significant intergroup differences. Renal cell carcinomas were observed only in 2 of 28 hamsters in group 1 and 1 of 27 in group 2.
DISCUSSION
The present study indicates that ACA may inhibit initiation of cholangiocarcinogenesis in hamsters by BOP. Final body weights were decreased by dietary administration of ACA at a high dose, but the decrease was less than 10%, and the mortality and the relative weights of major organs including the liver, kidney, and lung were comparable among the groups, suggesting that the toxicity of ACA was marginal, if present. The mechanisms underlying the chemopreventive effects of ACA against AOM-induced colon carcinogenesis and 4-NQO-induced oral carcinogenesis in rats have been suggested to be inhibition of cell proliferation as well as induction of phase II enzymes. 3, 4) Similar mechanisms could be responsible for inhibitory effects against cholangiocarcinogenesis although this remains to be elucidated in hamsters. The Syrian hamster is well known to have a greater tendency for bile duct epithelial cells to proliferate than other species.
14) Such proliferation is considered to be a reactive response to severe hepatic cell damage and necrosis. 15, 16) Additional action of carcinogens could promote the development of cholangiofibrosis, cholangiofibroma or cholangiocarcinoma, 17) and it is conceivable that ACA exerts protective effects against carcinogen insult. In hamsters, more than half of the dosed BOP is exhaled as CO 2 , and administered BOP is excreted in the urine as N-nitroso(2-hydroxypropyl)(2-oxopropyl)amine (HPOP) and N-nitroso-(2-hydroxypropyl)amine (BHP). [18] [19] [20] Urinary metabolites of HPOP in hamsters are BHP, BHP glucuronide, HPOP, HPOP glucuronide, and HPOP sulfate ester. 21) ACA could reduce the hepatotoxicity of BOP through induction of phase II enzymes, such as UDP-glucuronosyltransferases or sulfotransferases, or other drug-metabolizing enzymes which metabolize BOP. The fact that effects of ACA on pancreatic carcinogenesis were weak or lacking in the present study might be accounted for, at least in part, by differences in tissue distribution of ACA. It has been demonstrated that a single administration of BOP to hamsters increases 8-hydroxydeoxyguanosine, a biomarker of DNA oxidative damage, in pancreatic nuclear DNA. 22) ACA has been shown to reduce the level of 8-hydroxyguanine in the liver caused by dietary choline deficiency. 6) In addition, it is reported to suppress nitric oxide production in a murine macrophage cell line stimulated with lipopolysaccharide or interferon-γ. 23) Since reactive oxygen or nitrogen species are believed to contribute to carcinogenic processes, [24] [25] [26] [27] it is likely that ACA could exert an inhibitory effect partly through inhibition of superoxide generation. 7) In conclusion, the present study showed that ACA inhibits BOP-induced initiation of cholangiocarcinogenesis. Taken together with previous findings that ACA inhibited colon, oral and skin carcinogenesis in rats and mice, it appears that ACA is a good candidate for a wide-spectrum chemopreventive agent. 
